Introduction
============

Tobacco smoke is a toxic and carcinogenic mixture composed of \>5,000 types of chemicals that causes many pulmonary and systemic effects in human beings.[@b1-copd-12-3221],[@b2-copd-12-3221] Inhalation of the toxic particles associated with cigarette smoking and the subsequent immune response may lead to a variety of pathological manifestations.[@b3-copd-12-3221] Cardiovascular disease, chronic obstructive pulmonary disease (COPD), and lung cancer are the most frequent causes of smoking-related deaths; however, many patients also suffer from smoking-related interstitial lung disease (ILD).[@b2-copd-12-3221],[@b4-copd-12-3221] Recently, smoking has also been implicated in the pathogenesis of ILDs, such as desquamative interstitial pneumonia (DIP), respiratory bronchiolitis (RB)/RB-ILD, Langerhans cell histiocytosis (LCH), and idiopathic pulmonary fibrosis (IPF).[@b5-copd-12-3221] However, the relationship between cigarette smoking and ILD has not yet been established.[@b1-copd-12-3221],[@b6-copd-12-3221] Smoking-related ILD consists of a heterogeneous group of disorders that can overlap with one another or coexist with other sequelae of cigarette smoking, such as emphysema.[@b3-copd-12-3221],[@b4-copd-12-3221]

In particular, RB/RB-ILD and DIP, which were classified as smoking-related idiopathic interstitial pneumonias (IIPs) in the revision of the 2013 American Thoracic Society/European Respiratory Society (ATS/ERS) IIP statement, represent a histological spectrum of macrophage accumulation depending on the extent and distribution of this accumulation.[@b7-copd-12-3221]--[@b9-copd-12-3221] RB/RB-ILD and DIP remain separately classified because of their differences in clinical entities, radiological manifestations and response to treatment.[@b9-copd-12-3221] However, it is not surprising that the histopathological patterns and imaging findings may overlap between RB/RB-ILD and DIP; a prospective diagnosis can be difficult.[@b3-copd-12-3221],[@b4-copd-12-3221],[@b10-copd-12-3221] Few studies have examined the early or long-term follow-up manifestations on chest computed tomography (CT) in patients with RB/RB-ILD or DIP. In this article, we reviewed the clinical, radiological, and pathological findings and also the changes in radiological manifestations over time of smoking-related IIPs.

Smoking-related idiopathic interstitial pneumonias (IIPs)
=========================================================

RB and RB-ILD
-------------

RB is a universal inflammatory reaction of the respiratory bronchioles that always occurs in current smokers and is known as smoker's bronchiolitis.[@b9-copd-12-3221],[@b11-copd-12-3221],[@b12-copd-12-3221] RB associated with clusters of pigmented alveolar macrophages was first described in 1974.[@b13-copd-12-3221] Exposure to cigarette smoke causes an increase in the number of alveolar macrophages that are created in an attempt to remove any inhaled particles and changes the macrophage phenotype to enhance resolution of inflammation and tissue remodeling.[@b3-copd-12-3221],[@b6-copd-12-3221],[@b14-copd-12-3221],[@b15-copd-12-3221] RB occurs because of increased macrophage numbers and is regarded as a normal physiological response to inhaled cigarette smoke.[@b6-copd-12-3221],[@b12-copd-12-3221] The prominent histological feature of RB is a bronchiolocentric accumulation of yellow--brown pigmented macrophages (smoker's macrophages) in the respiratory bronchioles and adjacent alveoli.[@b8-copd-12-3221],[@b12-copd-12-3221],[@b16-copd-12-3221] Most patients with RB are asymptomatic, but a small proportion of smokers with RB develop clinical, physiological, and imaging features of ILD, which is termed RB-ILD.[@b12-copd-12-3221],[@b17-copd-12-3221] In 1987, Myers et al[@b18-copd-12-3221] described six patients with clinical and radiological features of chronic ILD whose open lung biopsies showed RB and fibrosis that extended from the peribronchiolar regions into the adjacent alveolar septa. RB-ILD is a rare disorder characterized by dyspnea and cough and represents a pulmonary function abnormality encountered in heavy smokers in the third to sixth decades of life with a 30 pack-year history at the time of diagnosis.[@b12-copd-12-3221] Pulmonary function tests (PFTs) reveal a mixed obstructive--restrictive defect with a mild to moderate decrease in the diffusing capacity of the lung for carbon monoxide (DLco).[@b12-copd-12-3221],[@b19-copd-12-3221],[@b20-copd-12-3221] The severity of impairment of PFT is a feature that distinguishes RB-ILD from RB.[@b8-copd-12-3221]

In RB/RB-ILD, the chest radiograph is usually normal and has a limited diagnostic value.[@b21-copd-12-3221] Bronchial wall thickening and ground-glass opacity (GGO) are frequent on chest radiograph in patients with RB/RB-ILD.[@b22-copd-12-3221] Given that macrophages are distributed in the respiratory bronchioles, centrilobular nodules are a computed tomographic feature associated with the bronchiolocentric histology of RB/RB-ILD.[@b3-copd-12-3221],[@b23-copd-12-3221] The most common CT findings of RB/RB-ILD are poorly defined centrilobular nodules with an upper zone distribution, patchy GGOs, which are correlated with macrophage accumulation in the alveolar spaces, and mild interlobular septal thickening ([Figure 1](#f1-copd-12-3221){ref-type="fig"}).[@b3-copd-12-3221],[@b17-copd-12-3221],[@b22-copd-12-3221],[@b24-copd-12-3221],[@b25-copd-12-3221] Ancillary CT findings are bronchial wall thickening and emphysema due to cigarette smoking.[@b17-copd-12-3221],[@b22-copd-12-3221],[@b24-copd-12-3221] The differential diagnoses of RB/RB-ILD include subacute hypersensitivity pneumonitis (HP), DIP and nonspecific interstitial pneumonia (NSIP).[@b17-copd-12-3221] Because patients with HP are usually nonsmokers and cigarette smoke is considered to be protective against HP, a history of smoking or the presence of emphysema on CT is an important clue to help distinguish RB from HP.[@b3-copd-12-3221],[@b26-copd-12-3221] GGO of RB/RB-ILD is less extensive and more poorly defined and tends to predominate in the upper lobes more frequently than that typically observed in DIP.[@b17-copd-12-3221]

DIP
---

DIP is exceedingly rare, and its true prevalence and incidence are unknown.[@b27-copd-12-3221] This condition was first recognized by Liebow et al[@b28-copd-12-3221] in 1965 and was described as histopathological findings of uniform air space filling by "large cells" that were interpreted as the accumulation of desquamated cells from the alveolar wall.[@b29-copd-12-3221] However, this view has long been discarded and it is now recognized that these cells are macrophages.[@b30-copd-12-3221],[@b31-copd-12-3221] RB/RB-ILD and DIP are the abnormal accumulation of macrophages in the air spaces, and the key features that differentiate between the two are the distribution and extent of macrophage accumulation ([Table 1](#t1-copd-12-3221){ref-type="table"}).[@b32-copd-12-3221] The hallmark histological feature of DIP is extensive, diffuse and uniform airspace filling by smoker's macrophages.[@b29-copd-12-3221],[@b30-copd-12-3221] The relationship between cigarette smoke and DIP has been proven, and 40%--90% of patients affected by DIP are smokers.[@b4-copd-12-3221],[@b33-copd-12-3221],[@b34-copd-12-3221] However, DIP is not always associated with cigarette smoke and is also reported to occur as a reactive phenomenon in a variety of other conditions, including drug reactions, leukemia, asbestosis, pneumoconiosis, and connective tissue diseases such as rheumatoid arthritis, lupus, and scleroderma.[@b35-copd-12-3221]--[@b43-copd-12-3221] The average age at symptom onset is during the fourth and sixth decades, and patients present with slowly progressive breathlessness during exercise and a dry cough.[@b4-copd-12-3221],[@b29-copd-12-3221],[@b39-copd-12-3221] PFTs reveal restrictive pattern with a decreased DLco.[@b8-copd-12-3221]

Chest radiographs are often normal or show GGO or a reticulonodular pattern in the lower zone, but these patterns are nonspecific for the detection of DIP.[@b24-copd-12-3221],[@b28-copd-12-3221],[@b33-copd-12-3221],[@b44-copd-12-3221] CT finding mainly seen in DIP is diffuse GGOs with subpleural and lower zone predominance, which correlate histologically with the partial replacement of alveolar air by macrophages ([Figure 2](#f2-copd-12-3221){ref-type="fig"}).[@b4-copd-12-3221],[@b29-copd-12-3221],[@b45-copd-12-3221],[@b46-copd-12-3221] Hartman et al[@b45-copd-12-3221] reported that in 22 patients with biopsy-proven DIP, GGOs that involved the mid and lower zones were seen in all cases. Unlike other inhalational lung diseases, DIP tends to be predominant in the lower lung zone; the reason for this pathogenesis is unclear.[@b3-copd-12-3221] Other findings in patients with DIP are irregular linear opacities, traction bronchiectasis, cystic spaces, and emphysema.[@b45-copd-12-3221] Cystic spaces may be present in areas of GGOs, and the small cystic air spaces seen in DIP have been shown to be histologically correlated with dilated alveolar ducts and bronchiolectasis.[@b47-copd-12-3221] It is important to recognize that the CT features of DIP are nonspecific. In one study, confident diagnoses by experienced thoracic radiologists were correct in 59% of cases of DIP.[@b48-copd-12-3221] DIP differs from NSIP by its absence of fibrotic features, such as traction bronchiectasis and volume loss.[@b17-copd-12-3221] A history of cigarette smoking and an increase in alveolar macrophages in bronchoalveolar lavage analysis may also be helpful in the diagnosis of DIP.[@b8-copd-12-3221],[@b17-copd-12-3221] The ATS/ERS IIP statement mentioned that DIP and RB have to be distinguished from airspace enlargement with fibrosis (AEF). AEF is not regarded as distinct from IIP and is a smoking-related phenomenon.[@b9-copd-12-3221],[@b17-copd-12-3221] AEF demonstrates the presence of more interstitial fibrosis admixed with emphysema ([Figure 3](#f3-copd-12-3221){ref-type="fig"}).[@b17-copd-12-3221],[@b49-copd-12-3221],[@b50-copd-12-3221]

Difficulties in establishing the diagnosis of smoking-related IIPs
==================================================================

Pathologists may often encounter a mixture of histopathological patterns that will suggest more than one disease and therefore may find it difficult to make a single pathological diagnosis.[@b31-copd-12-3221],[@b32-copd-12-3221] Overlapping patterns of ILDs are not easily classified as a single disorder.[@b51-copd-12-3221] Smoking-related IIPs are good examples of ILD overlap.[@b51-copd-12-3221] RB/RB-ILD may share some histopathological and radiological patterns with DIP.[@b3-copd-12-3221],[@b4-copd-12-3221],[@b10-copd-12-3221] Although the distinction between RB/RB-ILD and DIP is determined by the distribution and extent of macrophage accumulation, this is subjective and may vary depending on the site of biopsy.[@b3-copd-12-3221] Studies have shown that the histopathological pattern of RB/RB-ILD may overlap with the pattern of DIP.[@b10-copd-12-3221],[@b34-copd-12-3221] Despite histological overlap between RB/RB-ILD and DIP, the radiological manifestations of RB/RB-ILD and DIP are often different.[@b3-copd-12-3221] Therefore, imaging distinctions can help to distinguish the two diseases. Key findings of RB/RB-ILD are poorly defined centrilobular nodules and patchy GGOs with an upper zone distribution, whereas in DIP, bilateral GGOs have a lower zone distribution; cystic lesions may be present in areas of GGO.[@b3-copd-12-3221],[@b17-copd-12-3221] However, it is not surprising that imaging findings can overlap between RB/RB-ILD and DIP, and a prospective diagnosis can be difficult.[@b3-copd-12-3221],[@b4-copd-12-3221] A study evaluating the radiological pattern of 40 biopsy-proven RB, RB-ILD, or DIP patients described their radiological overlap; some overlap of radiological findings between RB/RB-ILD and DIP exists, and the radiological features of these disorders represent a different degree of severity of small airway and parenchymal reactions to cigarette smoke.[@b46-copd-12-3221]

The interrelationships between the various smoking-related diffuse ILDs are now emerging.[@b52-copd-12-3221] There are coexistent radiological--histopathological patterns, or one entity is transformed into another apparently distinct entity.[@b51-copd-12-3221] LCH is an uncommon ILD that is characterized by the proliferation of Langerhans-type cells, and it occurs almost exclusively in smokers or ex-smokers.[@b53-copd-12-3221],[@b54-copd-12-3221] Because of the strong association with smoking, emphysema and RB-/DIP-like changes frequently coexist in patients with LCH ([Figure 4](#f4-copd-12-3221){ref-type="fig"}); therefore, the radiological and histopathological differentiation of LCH from these disorders may be difficult.[@b29-copd-12-3221],[@b32-copd-12-3221] In one study, RB-/DIP-like changes were present in all biopsy specimens taken from 14 patients with LCH, and they were correlated with cumulative exposure to cigarette smoke.[@b55-copd-12-3221] Smoking-related IIPs are difficult to distinguish from other ILDs and sometimes co-occur. The coexistence of DIP and NSIP is frequent.[@b8-copd-12-3221] Furthermore, \~30% of patients with DIP are reported to be indistinguishable from NSIP.[@b56-copd-12-3221] Given that fibrotic NSIP has a temporally uniform pattern of interstitial fibrosis, this result is similar to the findings of DIP histopathology in which the macrophages have been removed from the alveoli.[@b57-copd-12-3221]

In the diagnosis of smoking-related IIPs, the surgical or radiological finding may be evident, but the diagnosis may be difficult because of histological and radiological overlapping or coexistence of other ILDs. A representative area of the disease or a coexistent fibrotic process at the time of biopsy may not have been included in the biopsy. It is possible to diagnose correctly smoking-related IIPs as comprehensively evaluating pathology, imaging, and clinical manifestations. Therefore, the role of multidisciplinary teams in the diagnosis of smoking-related IIPs is important.

Natural history and longitudinal behavior of smoking-related IIPs
=================================================================

There is a relative lack of large prospective studies describing radiological findings or longitudinal changes in cigarette smokers with biopsy-proven RB or DIP.[@b17-copd-12-3221] Remy-Jardin et al[@b58-copd-12-3221] reported that GGO, emphysema, and centrilobular nodules increased from 28% to 42%, 26% to 40%, and 33% to 35%, respectively, in current smokers during a mean follow-up period of 5.5 years. In a 3-year follow-up study, centrilobular nodules increased in 7.1% of patients with an RB pattern and were stable in 85.7%.[@b59-copd-12-3221] In another study, centrilobular nodules and GGO improved in all patients with biopsy-proven RB-ILD who quit smoking, and the reticular patterns, emphysema, and traction bronchiolectasis remained unchanged during the follow-up period.[@b60-copd-12-3221] RB can be found in ex-smokers many years after smoking cessation.[@b11-copd-12-3221] In addition, some patients with RB-ILD remain unchanged or experience a deteriorated condition after smoking cessation and corticosteroid therapy.[@b10-copd-12-3221],[@b20-copd-12-3221],[@b60-copd-12-3221] The degree of improvement in RB features on CT may depend on the duration of smoking cessation and the degree of inflammation and fibrosis.[@b60-copd-12-3221] The extent of GGO and cystic lesions seen on CT in most patients with DIP remains unchanged or improves with corticosteroid therapy.[@b47-copd-12-3221],[@b61-copd-12-3221] In a long-term CT follow-up study of patients with DIP, an increase in the frequency of thin-walled cysts within the GGOs was observed, and the new appearance of honeycombing was noted in five of 14 patients. This study indicated that some patients with DIP may progress to fibrosis with honeycombing changes on CT despite a favorable response to corticosteroid therapy.[@b62-copd-12-3221]

RB is a very common finding in cigarette smokers, with a prevalence ranging from 57% to 100%.[@b4-copd-12-3221],[@b29-copd-12-3221] In current or ex-smokers, it is possible that RB can coexist with other ILDs ([Figure 5](#f5-copd-12-3221){ref-type="fig"}). Initial radiological manifestations and long-term changes were heterogeneous, even when diagnosed pathologically as RB or DIP. A different study reported that fibrotic NSIP or usual interstitial pneumonia (UIP) patterns may be seen in patients with pathologically proven DIP on high-resolution CT several years after a biopsy has been carried out.[@b63-copd-12-3221] In one case, a surgical lung biopsy revealed DIP and the histopathology at the time of lung transplantation revealed a pattern of NSIP.[@b64-copd-12-3221] It is therefore possible that DIP may evolve to fibrotic NSIP or UIP. However, diagnosis of DIP at biopsy might have represented sampling error that areas with a coexistent fibrotic process at the time of biopsy may not have been included in the biopsy.[@b63-copd-12-3221] Therefore, a longitudinal study with larger populations of patients with smoking-related IIPs is needed to confirm this. Although pathologically confirmed as smoking-related IIPs, radiological patterns of a variety of ILDs may also be seen by considering serial radiological examinations ([Figure 6](#f6-copd-12-3221){ref-type="fig"}). Long-term follow-up of images is important because smoking-related IIPs may overlap and can coexist with other ILDs or there may be a sampling error at the time of biopsy.

Conclusion
==========

Histological, imaging, and clinical differentiation of smoking-related IIPs in smokers is not black and white. The histopathological differentiation of RB/DIP and other ILDs may be challenging. Initial radiological manifestations and long-term changes were heterogeneous, even when diagnosed as pathologically RB/RB-ILD or DIP. The mainstay of treatment in patients with RB/RB-ILD is smoking cessation, and treatment in patients with DIP consists of corticosteroid. In addition, clinical deterioration may be seen in two-third of patients with untreated DIP. DIP or RB/RB-ILD patients with coexistent UIP or NSIP may have a worse prognosis. Therefore, it is important to distinguish the smoking-related IIPs accurately. Since the overlap of features makes it impossible to assign a single specific diagnostic entity, a clinical--radiological--pathological discussion in smokers is important for making the diagnosis of smoking-related IIPs; long-term radiological evaluation is essential for monitoring morphological changes that may occur during follow-up in these patients.
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![A 45-year-old male smoker with pathologically diagnosed RB.\
**Notes:** An axial CT image at the level of the aortic arch shows poorly defined bilateral centrilobular nodules (black arrows) reflecting the accumulation of smoker's macrophages. Image courtesy of Samsung Medical Center.\
**Abbreviations:** CT, computed tomography; RB, respiratory bronchiolitis.](copd-12-3221Fig1){#f1-copd-12-3221}

![A 57-year-old male smoker with pathologically diagnosed DIP.\
**Notes:** The axial CT image shows GGO in a subpleural and lower distribution. Thin-walled cysts (black arrows) are seen within the region of the GGOs. Image courtesy of Samsung Medical Center.\
**Abbreviations:** CT, computed tomography; DIP, desquamative interstitial pneumonia; GGO, ground-glass opacity.](copd-12-3221Fig2){#f2-copd-12-3221}

![CT features of AEF.\
**Notes:** (**A**) A 70-year-old male smoker (50 pack-years) showing up to 10 mm sized multiple thick-walled areas (black arrow) of centrilobular and paraseptal emphysema. (**B**) A 70-year-old male ex-smoker (72 pack-years) showing up to 25 mm sized multiple thick-walled area (black arrows) of centrilobular and paraseptal emphysema. Image courtesy of Samsung Medical Center.\
**Abbreviations:** AEF, airspace enlargement with fibrosis; CT, computed tomography.](copd-12-3221Fig3){#f3-copd-12-3221}

![A 26-year-old male ex-smoker with pathologically diagnosed RB.\
**Notes:** (**A**) Initial chest CT revealed bilateral and symmetric bizarre-shaped cysts and nodules with an upper zone predominant distribution and sparing of the costophrenic angles. (**B**) After 136 months, there was an increase in the extent of nodules in both lungs after the patient had resumed smoking. The lesions markedly decreased after smoking cessation on follow-up chest radiography. Image courtesy of Samsung Medical Center.\
**Abbreviations:** CT, computed tomography; RB, respiratory bronchiolitis.](copd-12-3221Fig4){#f4-copd-12-3221}

![A 66-year-old male ex-smoker with lung biopsy-proven RB-ILD.\
**Notes:** There were bronchiolocentric GGOs and traction bronchiectasis in both lungs that represented airway-centered interstitial fibrosis. Image courtesy of Samsung Medical Center.\
**Abbreviations:** GGO, ground-glass opacity; ILD, interstitial lung disease; RB, respiratory bronchiolitis.](copd-12-3221Fig5){#f5-copd-12-3221}

![A 44-year-old male smoker with pathologically diagnosed RB-ILD.\
**Notes:** (**A**) Initial chest CT examinations revealed subpleural GGO in the middle and lower zones and centrilobular GGOs and emphysema in the upper lobes. Ill-defined centrilobular GGOs were considered findings of RB that reflected the accumulation of smoker's macrophages. (**B**) After 31 months, there was a slight increase in the extent of GGOs in both lungs. (**C** and **D**) Findings of GGOs, reticulation, honeycombing, and bronchiectasis were increased at both 111 and 162 months postoperatively. There was also evidence of a typical UIP pattern. Image courtesy of Samsung Medical Center.\
**Abbreviations:** CT, computed tomography; GGO, ground-glass opacity; ILD, interstitial lung disease; RB, respiratory bronchiolitis; UIP, usual interstitial pneumonia.](copd-12-3221Fig6){#f6-copd-12-3221}

###### 

Summary of key features

  Characteristics                       RB/RB-ILD                                                                     DIP
  ------------------------------------- ----------------------------------------------------------------------------- --------------------------------------------------------
  Incidence according to sex            M = F                                                                         M \> F
  Clinical features                     Chronic cough                                                                 Chronic cough with bilateral crackles
  Inspiratory crackles                  Digital clubbing (\~50%)                                                      
  PFTs                                  Normal or mixed restrictive--obstructive pattern                              Restrictive pattern
  Decreased DLco                        Reduction in DLco                                                             
  Bronchoalveolar lavage                Increased macrophages                                                         Increased macrophages
  Modest increase in neutrophils        Mild increase in the percentage of eosinophil and neutrophil cells            
  Key histopathological finding         Pigmented macrophages in the respiratory bronchioles                          Diffuse and uniform, filled with pigmented macrophages
  Radiological findings                 Centrilobular nodules and GGOs, predominantly in the upper and middle lobes   Diffuse GGOs, predominantly lower and subpleural
  Mild interlobular septal thickening                                                                                 
  Spontaneous improvement               Possible                                                                      Occasionally
  Treatment                             Smoking cessation                                                             Smoking cessation and steroid

**Abbreviations:** DIP, desquamative interstitial pneumonia; DLco, diffusing capacity of the lung for carbon monoxide; F, female; GGO, ground-glass opacity; ILD, interstitial lung disease; M, male; PFT, pulmonary function test; RB, respiratory bronchiolitis.
